. Purpose: Although exercising with others might have health benefits, no previous study has comprehensively examined associations of exercise arrangement with physical activity (PA), physical function (PF), and mental health (MH). We examined whether PA, PF, and MH are better when exercising with others than when exercising alone or not exercising. Methods: We analyzed cross-sectional data from 7759 (4007 men and 3752 women) nondisabled residents age 65 to 84 yr. PA, PF, and MH were assessed with the International Physical Activity Questionnaire-Short Form (PA sufficiency defined as ≥150 min·wk −1 of moderate-to-vigorous PA), Motor Fitness Scale (higher PF defined as total score ≥12 in men and ≥10 in women), and World Health Organization-Five Well-Being Index (better MH defined as a total score ≥13), respectively. Exercise arrangement was classified as "nonexerciser," "exercising alone," and "exercising with others." Using multilevel logistic regression analyses, we examined independent associations of exercise arrangement with PA, PF, and MH. Results: Compared with exercising alone, the multivariate-adjusted odds ratios (95% confidence interval) among nonexercisers and those exercising with others were 0.21 (0.17-0.25) and 1.32 (1.04-1.67), respectively, for PA sufficiency, 0.47 (0.40-0.57) and 1.12 (0.94-1.34) for higher PF, and 0.69 (0.58-0.82) and 1.45 (1.17-1.79) for better MH, respectively, in men. In women, the corresponding odds ratios were 0.37 (0.30-0.46) and 1.31 (1.01-1.70) for PA sufficiency, 0.66 (0.54-0.80) and 1.08 (0.88-1.32) for higher PF, and 0.70 (0.58-0.85) and 1.27 (1.03-1.56) for better MH, respectively. Conclusions: Exercising alone and with others were better than no exercise for maintaining better PA, PF, and MH in both sexes. Although exercise arrangement had little effect on maintaining PF, exercising with others appears to enhance PA levels and MH in both sexes.
R egular physical activity (PA) confers a wide range of health benefits, such as lower rates of all-course mortality and noncommunicable diseases and higher levels of cardiorespiratory and muscular fitness, in both younger and older adults (1) . Among older adults, regular PA also helps protect against frailty (2), sarcopenia (3), and cognitive decline (4) . Global recommendations and guidelines on PA for older adults (1, 5, 6) include specific proposals regarding the type, amount, frequency, intensity, duration, and total activity level of PA that brings health benefits.
Compared with evidence with PA conditions, far fewer data are available regarding PA arrangement, such as group-based exercise (exercising with others) or exercising alone, especially among older adults. Eime et al. (7) identified four modes of leisure time PA: individual, team (club), organized, and informal. Interestingly, their systematic review of data from adults (7) showed consistent evidence that club-and team-based sport participation was associated with better psychological and social health, as compared with other, individual forms of PA. Thus, among younger adults, robust evidence indicates that group-based sports and exercise participation yield psychosocial benefits.
To our knowledge, only four observational studies have directly compared the effects of exercising alone and exercising with others on health benefits among older adults. These studies reported that exercising with others was associated with significantly better mental health (MH) (8) and subjective health status (9) , lower risk of depression (10) , and fewer falls (11) than exercising alone. However, most of these studies reported psychological benefits only, and research on the relations of exercise arrangement with health benefits for older adults is at an early stage. A previous meta-analysis showed that participation in walking groups was more effective in PA promotion among older adults than among younger adults (12) ; thus, exercising with others may contribute to meeting recommended PA levels in older adults. However, although exercising with others may have positive effects on physical or functional variables, no study of older adults has comprehensively examined the effects of exercise arrangement on both physical health and MH.
We examined whether exercising with others increases PA, physical function (PF), and MH levels, as compared with exercising alone and no exercise, in men and women. Research in nutritional epidemiology has identified eating arrangement (i.e., eating with others) as a social aspect of health, especially in older adults (13) . Because social relationships also affect PA (14) , evaluating the effect of exercise arrangement on the health of older adults might add a social dimension to the present PA recommendations (i.e., regarding type, amount, frequency, intensity, duration, and total activity level of PA), which are based on medical and physiological evidence.
METHODS

Study Population
We used baseline data from a community-wide intervention study on preventing and reducing frailty in Ota City, Tokyo, Japan (Ota Genki Senior Project), which was launched in 2016 (15) . The full details of the participant selection process have been previously published (15) . Briefly, 15,500 residents age 65 to 84 yr-approximately 10% of elderly adults in Ota City-were selected by using stratified and random sampling strategies in all 18 districts. All participants were physically and cognitively independent, which was defined as the absence of long-term care insurance certification.
Of the 15,500 self-administered questionnaires distributed in July 2016, 11,925 were returned (response rate, 76.9%). As shown in Figure 1 , 7759 questionnaires (4007 men and 3752 women) were ultimately included in our analysis. The mean district response rate was 77.1% (range, 71.8%-80.8%), and the number of respondents per district was 224 to 1915 (mean, 431).
The study protocol was developed in accordance with the guidelines proposed in the Declaration of Helsinki and was approved by the Ethical Committee of the Tokyo Metropolitan Institute of Gerontology (approved June 1, 2016). All participants gave their informed consent before their inclusion in the study.
Measurements
Physical activity. Physical activity was evaluated with the Japanese version of the International Physical Activity Questionnaire-Short Form (IPAQ-SF), the external reliability and validity of which have been reported (16, 17) . The IPAQ-SF includes separate items on time spent on vigorous PA, moderate PA, and walking time during a typical week. Using these values, we defined total moderate-to-vigorous PA (MVPA) as 7 d Â (8.0 metabolic equivalents [METs] Â vigorous PA hours per day + 4.0 METs Â moderate PA hours per day + 3.3 METs Â walking time hours per day) (18) . A total MVPA time of more than 150 min·wk −1 was defined as PA sufficiency, in accordance with a PA recommendation (1) .
Physical function. Physical function was assessed with the Motor Fitness Scale (19, 20) . The response to each item in this 14-item index of physical tasks is either "yes" (able to perform; 1 point) or "no" (unable to perform; 0 points). The total score ranges from 0 to 14; higher scores indicate higher PF. A total score of ≤11 in men and ≤9 in women was defined as lower PF (20) . Higher PF was defined as a total score of ≥12 in men and ≥10 in women.
Mental health. Mental health was assessed by using the Japanese version of the World Health Organization-Five Well-Being Index (WHO-5) (21, 22) . Each item assesses the degree of positive well-being during the past 2 wk on a sixpoint Likert scale graded from 0 (at no time) to 5 (all of the time). The total score ranges from 0 to 25, and higher scores indicate an increased sense of well-being (22) . Worse MH was defined as a total score of <13 (22) . Better MH was defined a total score of ≥13.
Exercise Arrangement
Exercise arrangement was assessed with the following item: "Who do you usually (more than once a week) exercise with?" The possible answers were "Not exercising," "by myself," "spouse," "children," "grandchildren," "friends of the same sex," "friends of the opposite sex," "exercise trainers," or "other," and multiple answers were allowed, with the exception of "not exercising." Exercise arrangement was classified as "nonexerciser" (for an answer of "not exercising" only), "exercising alone" (for an answer of "by myself " only), or "exercising with others" (for the latter seven answers). When responses of "by myself " and another answer (with the exception of "not exercising") occurred together, exercise arrangement was classified as "exercising with others," as a reference to a previous study (23) .
Covariates
The covariates included age, living situation (living with others or alone), marital status (married, widowed, divorced, or never married), duration of residence in the neighborhood (1-29, 30-59, or ≥60 yr), educational attainment (junior high school, high school, or junior college/vocational college/ college/graduate school graduation), equivalent income (<2.0, 2.0-3.99, ≥4.0 million yen, or unknown), body mass index (BMI; <18.5, 18.5-24.9, or ≥25 kg·m À2 ), number of chronic diseases (0, 1, or ≥2), alcohol drinking and tobacco smoking statuses (current, never, or former), social activity (presence or absence), and employment (yes or no). Equivalent income was calculated by dividing household income by the square root of the number of household members (24) . Body mass index was defined as self-rated body weight (kg) divided by self-rated height squared (m 2 ). Number of chronic diseases was defined as the sum of the presence of self-reported hypertension, hyperlipidemia, cardiovascular disease, cerebrovascular disease, and diabetes mellitus. Participation in any of the following activities more than once a month was defined as presence of social activity: volunteering, civic action, nonprofit organizations, sports groups, hobby and learning groups, senior citizen clubs, neighborhood associations, or others (excluding employment).
If participants did not respond to the covariates, corresponding observations were assigned to the "missing" categories and included in the analysis.
Statistical Analyses
An α of 0.05 was considered to indicate statistical significance. All data were analyzed in relation to sex by using Stata 14.2 (StataCorp, TX). To examine whether PA (MVPA and minutes per week of MVPA), PF (Motor Fitness Scale score), and MH (WHO-5 score) were systematically associated with exercise arrangement (nonexerciser, exercising alone, or exercising with others), we used a trend test that extended the Wilcoxon rank-sum test (the "nptrend" command in Stata). The χ 2 test was used to compare other variables in relation to exercise arrangement categories or sex. http://www.acsm-msse.org
Because our data had a multilevel structure comprising individuals (at level 1) nested within 18 districts (at level 2), we performed multilevel logistic regression analyses with fixed slopes and random intercept models and calculated adjusted odds ratios (OR) and 95% confidence intervals (CIs) among exercise arrangement groups (nonexerciser; exercising alone, which we considered the reference group; and exercising with others) for PA sufficiency, higher PF, and better MH. PA (higher), PF (higher), and MH (better) were defined as the dependent variables. Exercise arrangement categories and covariates were defined as fixed factors. The district was defined as a random factor. We constructed four analytic models. Model 1 was adjusted for age, living situation, marital status, duration of residence in the neighborhood, educational attainment, and equivalent income. Model 2 additionally adjusted for BMI, number of chronic diseases, and alcohol drinking and smoking status. In model 3, social activity and employment status were added to model 2. In model 4, Motor Fitness Scale and WHO-5 scores were adjusted for in the analysis of PA sufficiency; MVPA and WHO-5 score were adjusted for in the analysis of higher PF; and MVPA and Motor Fitness Scale score were adjusted for in the analysis of better MH.
RESULTS
Among 4007 men, 27.7% were nonexercisers, 45.9% exercised alone, and 26.4% exercised with others. Among the 3752 women, the respective proportions were 29.9%, 30.3%, and 39.8%, and women were significantly more likely than men to exercise with others (P < 0.001). The Appendix (see Table, Supplemental Digital Content 1, Exercise partners, http:// links.lww.com/MSS/B486) shows data on exercise partners for men and women who reported exercising with others. Among the 1058 men and 1494 women reporting exercising with others, the proportions of spouses (48.0%), grandchildren (4.6%), friends of the opposite sex (12.6%), and other (18.2%) Sum of the presence of hypertension, hyperlipidemia, cardiovascular disease, cerebrovascular disease, and diabetes mellitus.
were significantly higher for men than for women (24.6%, 1.9%, 8.4%, and 12.5%, respectively). In contrast, the proportions of friends of the same sex (41.4%) and exercise trainers (43.8%) were significantly higher for women than for men (29.7% and 13.8%, respectively) (P < 0.001 for all comparisons). Tables 1 and 2 show participant characteristics, in relation to exercise arrangement category, for men and women, respectively. MVPA and minutes of MVPA per week, Motor Fitness Scale score, and WHO-5 score were systematically higher in the descending order of exercising with others, exercising alone, and nonexerciser, for men and women (all P < 0.001 for trend). Both men and women reporting exercising with others were significantly more likely to be married, more likely to drink alcohol, had higher educational attainment and equivalent incomes, had more social activity, and were less likely to be employed, to be obese, and to smoke tobacco than were nonexercisers and/or those exercising alone. Among men, those exercising with others were significantly older than Tables 3 and 4 show associations of exercise arrangement with PA sufficiency, higher PF, and better MH, as determined by multilevel logistic regression analyses of men (Table 3) and women ( 
DISCUSSION
This sex-stratified multilevel logistic regression analysis yielded the following findings. First, both exercising alone and exercising with others were more effective than not exercising at all in maintaining PA sufficiency, higher PF, and better MH in both sexes. Second, exercising with others was significantly more likely than exercising alone to yield PA sufficiency and better MH in both sexes. Finally, PF did not significantly differ in men or women reporting exercising with others and those exercising alone.
Our results are consistent those of previous studies, which reported that exercising with others was positively associated with psychological benefits (8) (9) (10) , and the present positive association between exercising with others and MH can be regarded as robust evidence of this association. Similarly, studies of social activities (8) and eating behaviors (13, 23) observed that practicing these activities with others had a positive effect on better MH. These results suggest that psychosocial factors (e.g., reducing stress and anxiety and enhancing social connection and support) obtained through interaction with others mediate the positive effects on better MH. In addition, exercising with others may have mechanisms that differ from those of social activities and eating with others (e.g., the synergistic effects of exercise itself and interaction with others on MH), because the findings remained statistically significant in both sexes after adjustment for the presence or absence of social activity and employment status (Models 3 and 4). This point should be further examined in a future study. A noteworthy finding of this study was that exercising with others was significantly more likely than exercising alone to lead to not only better MH, but also PA sufficiency, in both sexes. Interestingly, among the present respondents reporting exercising with others, men were more likely than women to exercise with family members, such as spouses and grandchildren (a narrower range of companions), whereas women were more likely than men to exercise with friends and exercise trainers (a broader range of companions). A systematic review (25) found that people with greater social support for PA (especially when it originated from family members) were more likely to engage in leisure-time PA and highlighted the importance of friends as a source of support for leisure-time PA in older adults. In the present study, the presence of nearby family members and friends exercising together was considered to increase directly (or indirectly through social support) adherence and PA opportunities.
The sex difference in selection of exercise companions highlights the need for attention to the differential characteristics and susceptibility of social networks between men and women. For instance, as compared with older men, older women are more likely to be embedded in diverse and large informal networks (26, 27) ; men have fewer informal networks. Moreover, Japanese women benefited more than men from bridging social capital (i.e., resources accessed across networks with cross-social characteristics), whereas men benefited more than women from bonding social capital (i.e., resources accessed within networks or groups in which members have similar background characteristics) (28) . A previous study reported sex differences in receptiveness to an intervention that increased social networks (29) . Our study suggests that improving the community environment can make exercise with others more likely; however, the optimal means for promoting beneficial approaches may differ between men and women.
Our finding that PF did not differ in relation to exercise arrangement suggests that exercise intensity and frequency are more important than exercise arrangement in PF, which is plausible. However, because PA level significantly differed between those exercising alone and with others, PF may differ depending on the exercise duration. In follow-up surveys, we plan to examine longitudinally the associations observed in this study.
Our study has several limitations. First, the self-administered questionnaire used for measurement may be subject to recall bias. Although the IPAQ-SF is recommended and widely used for straightforward assessment of PA, it tends to overestimate PA, as compared with objective devices (17) . Second, selection bias is a concern, as 3942 (approximately 30%) respondents were excluded because of missing data for the IPAQ-SF, Motor Fitness Scale, or WHO-5. In particular, the exclusions for missing IPAQ-SF data might have led to a larger proportion of healthier or more-active people being included in the analysis. Such people tend to exercise more and spend more time with others, which might have affected the present association between exercise arrangement and sufficiency of PA. A future study should consider conducting analysis stratified by health status. Third, although we investigated and adjusted for numerous variables, including MVPA, psychological characteristics that might affect MH could not be considered. Likewise, duration and frequency of exercising alone and with others could not be considered. Finally, the direction of causality cannot be inferred in a cross-sectional study.
Despite these limitations, this study is to our knowledge the first to report that exercising with others was more likely to lead to PA sufficiency (in addition to better MH) among older adults. Moreover, our findings are strengthened by the large sample of randomly recruited participants and the high response rate. Although some data were missing, the adjustment for PA and PF by using validated epidemiologic measurements, such as IPAQ-SF and Motor Fitness Scale, is another strength of our study.
In conclusion, this cross-sectional study confirmed that exercising alone and exercising with others were more effective than nonexercise in maintaining desirable PA, PF, and MH levels in both sexes. Although the decision to exercise alone or with others may be unimportant when aiming to maintain PF, exercising with others may further enhance PA and the psychological benefits of PA in men and women. Our findings suggest that, in addition to promoting exercise among individuals, the community environment should be improved to make exercise with others more desirable and enjoyable. Additional longitudinal data will be necessary to confirm the present associations.
